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Section  701 


7.0  Mathematic • 

The  original  mathematical  work  on  Project  Whirlwind  was 
started  in  the  early  part  of  1946,  and  constituted  an  investi¬ 
gation  of  methoda  of  interpolation  and  integration  to  be  used  in 
the  airplane  stability  and  control  problem.  The  results  of  this 
study  were  used  in  the  programming  of  the  aircraft  problem  which 
is  reported  in  Volume  14,  C-16*  Dr.  Loud  investigated  the 
stability  of  the  numerical  solutions  proposed  for  the  airplane 
problem.  (See  Volume  8.) 

The  projeot's  mathematics  work  is  under  the  guidance  of 
Professor  Franklin  of  tho  M.I.T.  Mathematics  Department.  The 
mathematics  program  under  Professor  Franklin  is  discussed  in  the 
remainder  of  this  section.  This  material  has  been  extracted 
from  his  memorandum  14-160,  in  Volume  8. 

7.1  The  Mathematic®  Program 

The  projected  Whirlwind  hlgb-upeed  electronic  digital 
computer,  from  the  mathematical  point  of  view,  has  several 
objectives.  On©  aim  is  to  solve  tho  equations  of  motion  of 
aircraft  and  so  serve  as  the  computing  element  of  an  aircraft 
analyzer.  A  more  general  objeotivc  is, the  eolation  of  other 
simulation  and  control  problems  of  engineering  Interest, 
particularly  in  tho  fluid  of  dynamics  and  ordinary  differ¬ 
ential  equations. 

The  mathematical  studies  in  the  past  have  related  to 
specific  equations  of  interest,  some  teats  of  existing 
numerical  methods,  aid  attempts  to  anticipate  and  overcome 
possible  difficulties.  At  present  a  study  of  known  methods 
of  solving  simultaneous  linear  equations  and  differential 
equations  i®  under  way,  with  a  view  to  the  coding  of  auoh 
methods  for  the  computer.  These  studies  will  be  extended 
to  other  problems  listed  in  Section  7.3. 
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Section  7*J 


?  »2  Studio  a  Already  Cciaplatod 

A  surv  iy  of  numerical  methods  nado  by  Dr,  Loci  8nd  hi  a 
associate®,  eunnarised  in  Volume  8,  K~61,  revealed  as 
subjects  of  major  importance  the  solution  of  linear  rl.nul , 
tan ecus  equations,  and  the  nolutlcn  of  ordinary  differential 
equations. 

For  the  solution  of  linear  eimua  taneous  equations, 
elimination  methods,  iteration  methods,  rolaxt  tioa  methods, 
matrix  methods,  and  the  method  of  eteepe ®t  dee sent  have  all 
heon  considered  and  expositions  for  thoao  methods  studied, 
lor  coma  o  those,  codts  are  in  process  of  preparation. 

Tha  errors  inherent  in  solving  eyatene  of  equations  of 
very  high  order,  when  all  of  the  coefficient tj  have  random 

error®,  has  been  pointed  out 

* 

A  number  of  solution e  have  bean  carried  out  for  simple 
differentia,  equations  to  provide  case  histories  of  eocuiiu- 
latod  round  -off  and  truncation  ©wore.  fheso  Indicate  the 
objections  to  numerical  integration  over  a  lar?e  limber  of 
cycle®  without  boko  chock,  erah  aa  the  us»  of  the  energy 
integral  for  conservative  systems.  ®ho  po®  nihility  of 
filtering  out  frequencies  corresponding  to  coaroututional  in¬ 
stability  t  *rno  hats  also  been,  coneldered. 

A  method  of  using  Fourier  Treaeforms  to  eatlaatc  ‘the  bast 
vedue  of  a  function  or  its  derivative  (the  messaga)  when  Its 
value  a  over  a  long;  rang®  arc  knows  only  to  wltnin  Jortaln 
random  errors  (noise)  was  presented  to  the  group.  Lctar  studies 
Indicated  t  lie  aa  having  restricted  application  to  computation 
becaueo  of  he  rare  occurrence  of  data  with  truly  random  error®.. 

Last  y>ar  cover nl  conference *.  were  hold  ah  H,  t.'I.  on 
digital  com  station,  Some  trope  eessionv  of  tfc?  l  .jctrical 
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Engineering  Department  seminar,  but  were  well  attended  by 
representative a  of  the  Mathematics  Department  and  Project 
Whirlwinds  Mother  series  of  smaller  conferences  were 
attended  by  some  electrical  engineers,  including  Professors 
Hasen  and  Y*  W,  Lea,  an  well,  as  several  members  of  the  Center 
of  Analysis.  '2 he  mathematicians  present  included  Professors 
Phillips,  Martin,  Wiener,  Franklin,  Wallraan,  and  Thomas. 

In  addition  to  these  men  other  M.I.T.  staff  members 
have  shown  an  interest  in  electronic  computers,  and  a 
willingness  to  give  advice  when  problems  in  their  special 
fields  are  considered.  Thus,  if  shock  wave®  are  under  con¬ 
sideration,  advice  can  be  obtained  from  Profeseors  Tslen  or 
Liu,  or  Dr.  Kopal,  who  are  all  familiar  with  this  field.  For 
elasticity  problems  and  their  theory  Professor  Hal sen or,  for 
statistical  and  meteorological  applications  Professor  Wadsworth, 
and  for  general  numerical  computation  Professors  Hitchcock, 

Croat,  and  Hilda brand  are  available. 

The  many  members  of  the  M.I.T.  Mathematics  Department  who 
are  interested  in  numerical  computation  contribute  much  in¬ 
formation  about  recent  developments  through  informal  discussions. 

In  addition,  the  staff  members  of  the  project  have 
attended  meetings  at  Princeton,  Philadelphia,  Hew  Haven,  and 
Cambridge,  at  which  competing  mothods  were  discussed.  The 
group  has  followed  recent  developments  in  tho  theory  of  codeo 
and  numerical,  computation  at  Princeton,  Harvard,  the  University 
of  Pennsylvania,  and  elsewhere. 

7,3  Plan  for  Slituro  Investigations 

Certain  pi*oblens  of  interest  to  applied  scientists  and 
engineers  con  be  most  conveniently  solved  by  numerical  methods. 
Classified  mathematically,  the  principal  types  are  as  follows: 
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Section  7.3 

1.  Solution  of  ordinary  differential  equations 
with  given  initial  condition®. 

3.  Solution  of  parabolic  and  hjporbolic  partial 
differential  equations,  obtaining  tho 
chrracterletlc  curves  as  in  1. 

3.  Solution  of  systems  of  linear  simultaneous 
equations. 

4.  Solution  of  ordinary  differential  equations 
with  boundary  conditions  at  more  than  one  point, 

5.  Solution  of  elliptic  partial  differential 
equations  for  various  typee  of  conditions  on  the 
boundary  of  a  region. 

6.  Solution  of  non-linear  simultaneous  equations. 

7.  Least  square  solutions  of  overdetermined  systems 
of  the  typos  of  3  and  6. 

3.  Solution  of  integral  equations. 

9.  Tabulation  of  functions. 

While  the  relative  advantages  of  different  methods  may 
change  in  the  transition  from  hand  or  desk  calculations  to 
high-speed  machines,  it  is  improbable  that  any  radically  new 
mathematical  principle®  will  come  into  play.  Much  past  and 
recent  experience  bears  this  out. 

Thus,  the  mot hod 0  used  by  Aiken  in  computing  tables,  or 
by  the  Watson  Laboratory  in  checking  the  moon's  motion,  boar 
strong  resemblance  to  those  long  known  to  astronomers,  and 

f 

except  for  the  uoe  of  conditional  orders  the  methods  used  for 
elementary  functions,  suoh  ao  those  coded  for  tho  A.R.C,  by 
Booth  and  Britten,  would  have  been  used  by  Babbage  in  the  19th 
Century  if  he  had  completed  his  analytical  engine. 


Section  7,4 


Again,  the  report  on  linear  equations  by  Bnrgmaui, 
Mou*gomery,  and  von  Neumann  recommends  as  the  two  lent 
methods  an  Iteration  rule,  stated  by  Hotelling,  which  amounts 
to  an  application  of  Newton's  method  of  approximation,  or  an 
elimination  method  which  is  that  used  by  most  computers  in 
such  forms  as  those  cf  Doolittle  or  Grout. 

And  except  for  minor  details  of  technique,  the  differ¬ 
ential  analyser  uses  mathematical  methods  differing  little 
from  those  used  by  Kelvin  In  evaluating  special  integrals 
with  his  globe, diak, and  cylinder  integrator. 

This  suggests  that  the  first  attack  with  the  computer  on 
the  problems  listed  above  should  be  by  processes  close  to  the 
traditional  ones.  Of  course,  two  special,  points  to  be  covered 
in  taking  over  existing  methods  are  the  coding  of  complete  in¬ 
structions  to  remove  any  human  Judgment,  and  keeping  the  high 
speed  from  lotting  us  carry  the  computations  beyond  their 
range  of  validity. 

Study  ie  planned  for  each  of  the  categories  listed  above. 
Comments  on  the  attack  planned  on  t*ch  of  these  categories 
will  b©  found  In  Professor  Pranklin's  memorandum  M-160, 

Volume  8. 

In  addition  to  gw  oral  methods,  several  aspects  of  the 
specific  application  of  the  computer  to  the  analysis  and  con¬ 
trol  problem  will  be  considered.  Thus,  the  detailed  equations 
and  constants  for  different  types  of  surface  and  air  craft  will 
be  investigated. 

Some  preliminary  studies  of  statistical  correlation  of 
radar  data  at  Information  centers  will  be  continued. 

7.4  The  Practical  Estimate  of  Error 

While  existence  theorems  are  nice  to  have  when  they  can 
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bo  obtained,  much  numerical  work  proceeds  successfully  without 
them.  For  example,  astronomers  guessed  right  on  seml-convergent 
asymptotic  series  before  they  were  understood  by  the  purists. 

Series  with  coefficients  obtained  by  numerical  methods  aro  used 
to  predict  the  moon6 a  position  years  In  advanoe,  but  the 
stability  of  the  system  of  aun,  earth,  and  moon  under  the  known 
Initial  conditions  has  never  been  established  with  complete 
mathematical  rigor,  Many  of  the  Iteration  processes  used  to 
find  roots  of  equations  can  either  converge  or  diverge  rapidly. 

By  comparing,  say,  a  fourth  and  a  fifth  approximation,  and 
sensing  the  size  of  the  discrepancy,  a  computer  can  be  pro¬ 
grammed  to  recognise  the  process  as  finished,  promising  for 
further  approximations,  or  useless  for  computation  because  of 
divergence  or  excessively  slow  convergence. 

A  largo  percentage  of  recent  numerical  computation  for 
partial  differential  equations  has  no  other  justification  than 
that  the  results  seem  to  converge.  Undoubtedly  many  WWI  and 
WXI  solutions  will  use  such  evidence,  for  lack  of  anything  better. 

Because  of  the  labor  of  making  codes,  high-speed  machines 
will  bo  chiefly  used  for  whole  fields  of  solutions*  A  certain 
amount  of  experiment  on  the  machine  may  bo  needed  at  the  start, 
but  onoe  verified  for  a  few  cases,  the  method  will  extend  to 
the  whole  field. 

Similar  consideration  a  apply  to  formulas  for  the  size  of  the 
error.  These  are  seldom  used  literally,  because  if  rigorous 
they  aro  apt  to  bo  much  too  pessimistic  in  practice.  At  best 
such  formulas  are  merely  useful  to  prove  convergence;  a  com¬ 
parison  of  successive  values  then  estimates  the  error. 

These  comment®  ehould  not  be  construed  to  mean  that  no  study 
is  being  made  of  errors  In  numerical  computation.  Such  studies 
are  being  given  great  Importance,  but  It  Is  the  feeling  of  the 

Projeot  that  rauoh  of  Its  work  must  be  performed  without 
rigorous  estimates  of  errors. 
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7.5  Tiie  Influenoe  of  Mathematics  on  the  Design  of  Whirlwind  I 

The  specifications  for  Whirlwind  I  were  sat  up  with 
the  aim  of  providing  a  prototype  ctipablo  of  performing  nil 
tho  operations  deuired  from  a  computer,  on  a  scale  largo 
enough  to  "be  applied  to  many  typical  situations,  and 
sufficiently  limited  to  he  conntructablo  in  reasonable  time. 
However,  within  this  laot  limitation  it  was  found  feasible 
to  provide  for  greater  speed  and  storage  capacity  than  any 
existing  digital  oomputer  possesses. 

The  typoe  of  desired  mathematical  operations  are  fairly 
well  known;  namely,  the  four  fundamental  arithmetic 
operations,  and  certain  logical  operations  ouch  as  shifting, 
digit  transfers,  sub-programming,  and  conditioned.  oub~ 
programming.  Prom  these  fundamental  element o  any  finite  com¬ 
bination  of  computational  processes  can  be  built  up. 

The  mathematician's  requirement  is  that  these  operations 
bo  performed  either  directly  or  by  combination  of  other 
operations.  Thus  division  or  square  rooting  can  bo  either 
built  in  as  epooial  operations  or  carried  out  by  a  sub-program. 
The  present  plans  call  for  a  built-in  division  unit.  Also,  a 
few  special  orders  enable  the  operator  to  cull  for  any 
particular  sub-program,  square  root  for  example,  as  easily  as 
though  It  were  a  built-in  operation. 

Considerable  study  of  binary  arithmetic  and  the  con¬ 
version  problem  showed  the  feasibility  and  advantage  of  having 
the  oomputor  work  in  binary  arithmetic  but  translate  data 
and  outputs  from  or  into  the  decimal  notation. 

A  guiding  principle  of  the  Whirlwind  I  specifications  has 
been  maximum  floxibllity.  Thle  will  simplify  the  extension 
to  larger  modols,  and  will  Increase  the  effective  power  of  the 
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computer,  for  exonpl®  by  allowing  an  arbitrary  dietrlbution 
of  the  storage  capacity  between  numb or r  and  order*. 

Beyond  the  fundamental  quo stlonn  just  mentioned,  and 
verification  that  the  computer  han  sufficient  speed  and 
capacity  for  oertain  opeolfic  problems  such  as  that  of  air™ 
craft  control,  mathematical  coneldoratlona  can  have  little 
effect  on  the  baslo  dealgn. 

With  regard  to  overall  capacity  of  later  modela, 
experience  with  Whirlwind  I  and  theoretical  considerations 
oan  only  dlotate  ratios  of  components,  rather  than  absolute 
else.  For  the  else  at  any  stage  will  always  bo  limited  by 
economic  and  engineering  faotoro.  Any  machine  i3  certain  to 
have  just  a  little  less  capacity  than  that  required  for  some 
deaired  applications.  For  Whirlwind  I,  sufficient  capacity 
has  been  provided  for  preliminary  investigation  of  aircraft 
analysis  and  for  complete  treatment  of  other  control  and 
simulation  problems. 
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8.0  Training 

Present  progress  on  high-speed  electronic  digital  computer  a 
will  make  equipment  available  on  a  production  basis  much  faster 
than  personnel  la  being  trained*  It  it  therefore  neceasary  that  a 
well-rounded  computer  development  center  undertake  a  training 
program.  Successful  execution  of  a  training  program  depends  on 
availability  of  computing  equipment  similar  to  that  gelng  studied. 
Although  preliminary  training  in  mathematical  methods  and  computing 
system  design  can  be  done  without  operating  equipment,  an  operating 
system  nraat  bo  available  for  laboratory  work  In  the  later  stages 
of  training.  Sbrthermore  it  Is  difficult  to  build  up  the  required 
enthusiasm  for  a  training  course  without  actual  equipment.  The 
expected  availability  of  the  Whirlwind  I  computer  within  a  year  and 
a  half  has  stimulated  consideration  of  a  training  program  at  M.I.T, 

The  H.X.T.  Electrical  Engineering  Graduate  School  at  present 
trains  men  in  computers  as  part  of  their  work  toward  an  advanced 
degree  In  Electrical  Engineering.  The  Graduate  School  quota  at 
the  present  time  permits  elxtoen  Project  Whirlwind  staff  members 
to  work  toward  advanced  degrees  while  holding  full-time  research 
appointments  with  the  Electrical  iSngineering  Department.  The  man 
on  an  academic  research  appointment  spends  full  time  on  Project 
Whirlwind  research  work  except  for  the  six  hours  per  week  devoted 
to  attending  classes.  The  men  completes  his  academic  program  with 
an  advanced  degree,  with  a.  background  of  electrical  engineering 
and  mathematical  subjects,  end  w!l th  the  experience  galnod  in  actual 
laboratory  work  on  a  computer  program.  At  the  same  time  these  men 
make  Important  contrl but lone  to  the  Project  Whirlwind  work.  (See 
Volume  12  on  Input  and  Output  Devices,  Volume  17  on  High-speed 
Switching,  and  Volume  18  on  Pulse  Transformer. ) 

In  addition  to  the  regular  academic  program  for  ataff  members 
of  the  Project,  the  thesis  research  done  by  members  of  the 
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Electrical  Engineering  Department  teaching  staff  and  by  full-tine 
graduate  students  is  often  made  a  part  of  the  Project  Whirlwind 
basic  research  studies.  The  Project  has  provided  the  equipment 
and  laboratory  facilities  for  several  thesis  studies  in  which  the 
work  la  closely  associated  with  the  subject  of  simulation  or 
computation.  Examples  of  ouch  thesis  research  are  the  Iconoscope 
and  puleedr light  studies  of  Volumes  20,  31  and  33. 

The  first  step  toward  extending  the  M.I.T.  curriculum  in 
digital  computation  has  been  an  expansion  of  courses  In  the 
Electrical  Engineering  Department,  Center  of  Analysis.  Professor 
S.  H.  Caldwell  and  Professor  Richard  Taylor  with  Mr.  Prank  Verzuh 
and  others  have  extended  the  academic  work  of  the  Center  of 
Analysis  to  include  greater  emphasis  on  digital  computation  and  to 
provide  elementary  laboratory  work  In  this  field. 

Courses  in  many  deportments  of  M.I.T.  contribute  directly  to 
the  application  of  digital  computers  in  their  respective  fields. 
Attention  is  now  given  to  numerical  analysis  in  several  courses 
within  the  Mathematics  Department.  It  Is  probable  that  for  a  well- 
rounded  program  certain  oourses  should  be  organized  speolfically 
with  high- (peed  computing  equipment  in  mind.  Memorandum  M-61  In 
Volume  8  by  Dr.  Loud  discusses  Mathematical  Training  In  more 
detail. 

Boginning  In  November  3.947,  Project  Whirlwind  will  conduct 
a  oourae  meeting  two  hours  per  week.  This  course  is  primarily  for 
training  Project  Whirlwind  staff  members,  several  of  whom  ere  new 
to  the  program  and  unfamiliar  with  the  field  an  a  whole.  Staff 
members  from  other  departments  at  M.I.T.  will  bo  Invited  to  attend. 
The  course  will  continue  until  available  material  has  been 
covered.  The  block  diagrams  of  the  Whirlwind  system  will  be 
treated  in  detail,  as  will  electronic  circuits  and  tho  components 
of  the  Whirlwind  system.  In  the  field  of  problem  coding,  the 
greatost  stress  will  be  placed  on  problems  of  simulation  and  control. 
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The  training  program  which  will  tie  conducted  this  year  by 
Project  Whirlwind  will  be  recorded  and  transcribed  and  should 
provide  an  excellent  basis  for  a  formal  academic  course  in  the 
future. 

A  training  program  in  digital  computation  should  include 
preparation  of  people  for  mathematical  research;  problem  set-up, 
coding,  and  machine  operation;  computing  machine  development;  and 
machine  maintenance. 

A.  Mathematical  he search 

Persons  well  founded  In  all  phases  of 
mathematics  must  ho  available  to  formulate  new 
problems  as  they  arise  in  terms  of  the  proper 
mathematical  concepts.  Those  people  must  also 
search  for  more  accurate  and  more  efficient  ways 
of  executing  problems  which  can  be  oolved  by 
presently  available  means.  Research  is  necessary 
in  the  errors  arising  in  numerical  computation  and 
in  the  existence  of  solutions.  High-speed 
computers  will  open  up  new  possibilities  in  the 
fiold  of  statistical  research  where  highly  trained 
personnel  will  be  required. 

B,  Mathematical  Formulation  and  Problem  Setup 

Many  of  the  problems  presented  for  machine 
solution  have  been  studied  and  are  reasonably  well 
understood.  Men  with  a  good  mathematical  back¬ 
ground  and  an  understanding  of  the  potentialities 
of  large-scale  computers  must  be  available  for 
reducing  problems  to  a  form  which  can  be  handled  hy 
computing  equipment.  Ability  and  imagination  in 
this  field  will  be  essential  to  effective  use  of 
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simulation  and  control  equipment.  People  from 
all  scientific  fleldo  should  he  drawn  into  computer 
training.  It  is  felt  that  the  use  of  large-scale 
computer®  can  he  readily  mastered  by  anyone  with  a 
good  scientific  background.  Widespread  application 
of  computers  oaa  come  only  through  epproclatlon  of 
the  capabilities  of  computers  by  people  in  all 
fields  of  scientific  activity. 

0.  Computing  Machine  Development 

Por  many  years  to  come,  computers  will  require 
improvement  and  redesign.  They  must  be  reduced  in 
size  and  simplified.  Mobile  and  even  portable 
digital  equipment  can  be  ueed.  Those  working  In 
machine  design  must  know  mathematics,  electronics, 
system  engineering,  and  production  practices. 

D.  Maintenance 

Beginning  at  least  one  year  prior  to  the 
delivery  of  computing  equipment  to  a  new  location, 
an  adequate  training  program  must  be  set  up  for 
maintenance  personnel.  As  discussed  elsewhere, 
computing  machines  must  incorporate  extensive 
facilities  for  error  indication  end  trouble  shooting, 
but  even  so  the  equipment  Is  complex  and  the 
training  of  well  qualified  maintenance  personnel  must 
not  be  ovorlooiced. 

It  Is  recommended  that  the  Government  agencies  having  use  for 
high-speed  digital  computing  equipment  take  immediate  steps  to  train 
personnel,  aa  outlined  above.  Such  training  might  be  arranged  on 
the  same  basis  as  presently  ueed  for  the  M.I.T.  Radar  Sohool  and 
the  postgraduate  training  of  Army  and  Navy  officers. 
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9.0  Engineering  Time  Distribution 

Drawings  B-31204  and  B-31205  have  been  Included  to  Illustrate 
the  magnitude  of  the  engineering  effort  which  lies  between  a  block 
diagram  or  a  design  study,  and  a  final  operating  computer  system 
The  engineering  phase e  of  the  arithmetic  element  are  Illustrated 
in  Drawing  B-31204.  These  correspond  to  steps  2  through  7  of  the 
10  steps  in  Section  4.0.  The  outer  activities  are  of  n  basic  re¬ 
search  nature  whore  components  are  studied  and  developed.  Besults 
of  the  applied  research  are  then  uoed  In  design,  of  a  final  system . 
The  Illustration  converges  to  a  6-digit  multiplier  built  for 
systems  testing  purposes*  Similar  flow  diagrams  could  be  drawn 
for  other  elements  of  the  computer  and  for  the  complete  computer* 

Drawing  B-31205  chows  activities  converging  into  a  complete 
simulator  or  oontrol  system.  The  computer,  although  the  most 
oomplsx,  le  only  one  element  of  the  complete  t  ystem.  Be  search 
groups  must  plan  the  simulator  eyeteu  Including  computer,  mathe¬ 
matical  formulation  of  prohlemc,  human  response  studies,  displays 
and  recording,  and  output  aotuators.  These  actuators  may  be 
switches,  or  output  servo  systems. 

The  following  sootion  Illustrates  the  preceding  comments  by 
giving  specific  fiffireit  on  distribution  of  staff  time  for  Project 
Whirlwind* 

9.1  Staff  Time  Distribution 

This  In  an  analysis  of  the  distribution  of  effort  by  the 
Whirlwind  staff  on  the  various  phases  of  the  work  dons  to 
brlhg  the  oomputer  to  the  stag©  of  development  described  by 
the  block  diagrams  in  Volumes  6,  6  and  7;  by  the  aircraft 
equations  in  Voluita  14;  and  by  the  electrical  system  drawings 
in  Volume  13.  This  analysis  cover©  the  period  of  November 
1946  to  November  1947.  It  does  not  Include  the  work  done  in 
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comparing  analogue  and  digital  methods  which  resulted  in  the 
decision  to  build  a  digital  computer*  Omitted  also  ip  the 
tia®  spent  during  the  period  covered  by  this  report  on  input 
and  output  device  a  by  the  Eastman  Kodak  Company  and  on  de¬ 
sign  and  construction  of  electronic  equipment  by  Syl vania 
Electric  Products*  Inc>.  The  staff  work  reported  herein  has 
been  supplemented  by  the  work  of  draftsmen,  wind  tunnel  tech¬ 
nician  t>(!  and  electronic  technicians  varying  from  15  to  40  people 
during  the  period. 

Figures  in  the  following  tables  give  man-months  of  otaff 
engineering  time  and  the  percentage®  of  total  time  devoted  to 
various  phases  of  the  computer  program*  The  Summary  In  Table 
l  shown  that  of  the  total  time  of  568  man-months,  14$  wae  de¬ 
voted  to  administration;  20$  to  th®  aircraft  equations, 
mathematical  analysis,,  and  block  diagrams,  and  the  remaining 
66$  to  engineering.  Table  II  to  a  more  detailed  time  break¬ 
down  of  tbs  above  summary <, 

Some  comment  s  on  what  la  included  under  the  various 
headings  will  be  given  to  avoid  misunderstanding  since  the 
terminology  in  the  field  of .  coapntat ion  Is  not  consistent, 

i 

Under  the  heading  of  aircraft  equation®  arc  included 
(1)  the  setting  up  of  the  equations  of  motion  of  an  aircraft 
In  a  form  Involving  coefficient®  which  can  be  experimentally 
determined  (Volume  3,  H  64);  (2)  determining  those  variable 
coefficients  (Volume  14„  1-98);  (3)  determining  the  number  of 
points  which  must  be  stored  to  give  an  adequate  representation 
of  the  coefficients  (Volume  14,  1-103)  ;  (4)  formulating  a 
step-by-step  procedure  for  solving  these  equations;  (5)  coding 
the  procedure  for  the  computer  and  (6)  determining  scale 
faotors* 


-  15  ~ 


Section  9,1 


Under  mathematic*  ar®  included  investigation*  In  th* 
field  of  step-by-step  solutions,  interpolation  and  integration 
methods,  and  other  subjects  necessary  for,  hut  not  limited  to, 
the  opoolflo  aircraft  problem.  These  subjects  are  reported 
in  Volume  8. 

The  hlook  diagram  work  reported  in  Volumetj  6,  6  and  7, 
involve*  no  electronic  work.  The  hlook  diagram  group  con¬ 
sults  with  the  electronic  engineers  to  determine  if  a  pro¬ 
posed  scheme  is  technically  feaoihle  from  an  oloctrlcal  circuit 
or  timing  point  of  viswe  and  in  such  oaeeo  the  time  of  hcth 
the  block  diagram  men  and  the  electronics  men  hn*  been  charged 
to  blook  diagram*.  Also  charged  to  block  diagrams,  a*  far  as 
posaible,  1*  the  time  epent  by  any  electronic  engineer*  or 
supervisors  la  studying  the  block  diagrams  to  insure  that  the 
operations  therein  described  are  adequately  designed  and  built 
into  the  system.  Work  on  aircraft  equations,  mathematics,  and 
blook  diagrams  has  occupied  20#  of  the  staff  time. 

The  figure  of  17#  of  staff  time  on  storage  (Volumes  9  and 
10)  is  qulto  accurate,  oinco  the  greatest  part  of  the  work  has 
been  don©  by  a  group  who  have  not  been  concerned  with  other 
parts  of  the  oomputer.  The  subdivisions  of  storage  into  re¬ 
search,  construction,  and  test  are  somewhat  arbitrary  but 
appear  reasonable.  The  research  program  of  the  storage  tube 
group  has  been  greatly  aooeleratod  by  our  ability  to  frequently 
consul  with  and  draw  on  tbr  rich  experience  of  Professor 
Nottingham  of  the  Physics  Department,  Profesaor  Harris  of  the 
Chemistry  Department,  and  Professor  Breckenridge  of  Electrical 
Engineering  Department.  Their  time,  of  course,  does  not 
appear  in  this  summary. 

The  electronics  effort,  exclusive  of  storage,,  input,  out¬ 
put,  conversion,  and  technical  supervision,  amounts  to  34#  of 
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the  total.  Where  to  draw  the  line  between  olrouito  (Volumes 
15  through  19)  and  the  oyntom  (Volume  13)  ie  somewhat  open  to 
question.  He  believe  that  a  very  largo  number  of  tubes  and 
circuit®  oust  be  put  together  before  the  appearance  of  the 
troubles  inherent  in  ay  stems  rather  than  circuits.  For  ex¬ 
ample*  the  33“poflitlon  switch  (Volume  17,  B-123),  whioh  con- 
slats  of  flip-flop  circuits*  gate  oircuita,  and  drivero* 
containing  57  tubas  and  190  oryatal  diodes*  ie  not  yet  con¬ 
sidered  or  assigned  to  systems  design  and  teat., 


TAUNTS  1 


Kan-nontha 

Administration 

81 

14$ 

Bio ok  Diagrams, 
Mathematics, 

Aircraft  Xqimtlons 

109 

20$ 

Storage 

93 

17$ 

J&leotronica,  Inprt* 

Output*  Conversion,, 

Cockpit*  Technical  Supervision  276  49$ 
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TAB  IE  II 


Man  Months  Percent 


ADMINISTRATIVE 

31 

14$ 

Supervision 

18 

Procurement,  Stds>„  Stock 

37 

* 

Hen- staff,  shop*,  services 

12 

OJB  Liaison 

7 

Contract*  and  Sub- contract  a 

• 

7 

TECHNICAL  SOFiSBVlSION 

32 

6$ 

BLOC!  DIAGRAMS 

46 

b$ 

Serial 

19 

Parallel 

27 

mathematics 

43 

e$ 

AIRCRAFT  SQUAT I OHS 

20 

4$ 

Wind  Tunnel  Staff 

a 

Whirlwind  Staff 

12 

COCKPIT 

34 

6$ 

INPUT,  OUTPUT,  CONVERSION 

19 

3$ 

Mngpotio  in-out 

4 

Film  in- out 

2 

Binary  -  decimal  conversion 

5 

Binary  analogae  conversion 

a 

STOBAGSi 

93 

17$ 

Ro  search 

39 

Construction 

12 

Tost 

35 

Deflection 

7 

I 


18 


Section  9*1 


TAB IS  II 
(conto) 


ELECTRONIC  SYSTEM  DESIGH 
end  TEST 


TEST  EQUIPMENT 

Oaollloscop®  redesign 
Pulse  generators 
Frequency  dividers 
Miscellaneous 


FLIP-PLOP  CIRCUITS 
Leolga 

Tolerance  and  stability 


PULSE  TRANSFORMERS 


MISCELLASEOt'S  CIRCUITS 
and  COMPONENTS 
Gate  circuits  and  tubes 
Tube  characteristics  and  life 
Swltoh  circuit®  and  crystals 
Line  driving 
Coupling  methods 
Delay  element® 

Power  supplies 
Miscellaneous  oircults 


TOTAL  WHIRLWIND  STAFF  EFFORT 


Man-months  Percent 


41  ?$ 

i 

43  8$ 

4 

15 


35  5$ 

24 
11 

33  41?* 


48  9$ 

6 

3 

13 


4 

6 

4 


658  100$ 
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10,0  Organization  and  Facilities 

The  following  oections  outline  the  relation  of  the  Project 
Whirlwind  to  other  Massachusetts  Institute  of  Technology  activities, 
th©  project  staff  organization,  <on&  the  available  facilities  with 
photo  graph sc 

* 

10ol  MoIoTo  Organisation 

Projeot  Whirlwind  le  adminl stored  at  the  Massachusetts 
Institute  of  Technology  by  the  Division  of  Industrial 
Cooperation*  Th®  D,IoCo  has  a  number  of  laboratories  each 
associated  with  some  ©endemic  department  of  the  Institute 
The  work  of  Project  Whirlwind  is  carried  out  in  the  Servo 
mechanisms  Laboratory  as  a  part  of  the  Department  of  Electrical 
Engineering.  Th®  Laboratory  can  call  on  the  Electrical  Engi¬ 
neering  Department  for  consultation  and  additional  facilities 
when  necessary,  and  has  found  this  of  invaluable  help  in 
carrying  out  the  research  work.  Project  Whirlwind  hae  close 
relations  with  the  Mathematics  Department  and  has  been 
greatly  assisted  by  th#  Physics  and  Chemistry  Departments, 

The  details  of  these  relationships  are  described  elsewhere  in 
this  report*  Th®  Aeronautical  Engineering  Department  worked 
for  months  on  the  preparation  of  the  aircraft  equations,  the 
ranges  of  variables  to  b©  expected,  and  th©  very  complete 
testing  of  a  wind  tunnel  model  to  give  actual  aircraft  data 
to  work  on. 

The  Servomechanisms  Laboratory  has  its  headquarters  in 
Building  32  at  M,I,T«  but  most  of  the  Projeot  Whirlwind  engi~ 
neering  is  In  the  Barta  Building  at  211  Massachusetts  Avenue, 
Building  32  provides  the  project  with  a  personnel  department, 
accounting,  and  payroll  facilities.  The  projeot  drafting  room 
,  is  a  branch  of  the  Building  32  drafting  room  and  personnel  are 
exchanged  as  need  arises. 


“  20  — 


Section  10 o 2 

10-2  Project  Personnel  and  Organization 

The  personnel  on  Projcot  lifhlrlvlnd  consists  at  present 
of  45  staff  members  and  a  like  number  of  technicians,,  adminis¬ 
trative  assistants,  stock  clerks,  and  eeoretarieso  The  total 
number  in  each  category  is  given  below? 


Staff  45 

Technicians  19 

Secretaries  7 

Stock,  purchasing, 
receiving,  inspeotion  10 

Crafting  10 

Print  department  '  2 


Building  service 
Including  telephone 
operators,  guards, 
reooptlonigts,  and 
aainte nance  14 

Total  non- staff  62 

Total  staff  and  non- staff  107 

In  addition  the  project  has  access  to  the  following 
personnel  In  Building  32 > 

Administrative  Staff 


Purchasing  and  Accounting 

Craft lng 

Machinists 


6 

12 

9 
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The  staff  member  a  of  Project  Whirlwind  fall  Into  two 
categorlesi  some  are  on  full  time  DIC  appointments;  others 
are  full  time  Research  Assistants  or  Research  Associates 
having  their  Eppointments  from  the  Electrical  Engineering 
Department. 

A  complete  list  3f  the  present  staff  members  with 
their  academic  degrees  will  be  found  in  Section  10.5. 

Fifteen  members  of  the  present  technical  staff  had  radar 
experience  during  the  war  which  is  direotly  useful  in  the 
project  work.  Six  men  not  now  with  the  staff  have  in  the 
past  made  valuable  contributions  in  video  and  pulse 
techniques. 

The  general  organization  of  the  Project  staff  is  shown 
in  Drawing  B~ 31201. 

10.3  Facilities 

10.31  Available  Space  and  Services 

Project  Whirlwind  occupies  the  28,000  gross 
square  feet  of  the  Bnrta  Building  at  211  Massachusetts 
Avenue,  Cambridge,  recently  purchased  by  M.I.T. 
when  the  Navy  was  unable  to  provide  the  temporary 
bousing  for  Project  Whirlwind  as  originally  planned. 
Drawings  B-31174,  B-31175,  B-31176,  are  respectively 
the  basement,  first  and  second  floor  plans.  A 
aeries  of  photographs  is  given  in  Seotion  10.4 
showing  much  of  the  Interior  of  the  building. 

Among  other  facilities  the  building  Includes  in 
Room  016, DC  power  supplies  at  nine  different  voltages 
all  of  which  ere  wired  into  the  benches  of  the 
various  laboratories,  Rooms  114^134,  138,  223,  223. 
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Hoorn  008  1b  a  lecture  room  18  x  34  feet, 
capable  of  seating  60  people  and  used  for  staff 
meetings  and  instruction  and  training  courses. 

Room  113  is  a  small  machine  shop  for  the  use  of 
technicians  and  qualified  staff  members.  The 
machine  shop  and  mechanical  ehop  are  staffed  with 
live  technicians.  A  list  of  the  machine  tools 
available  In  the  building  will  bo  found  at  the 
end  of  the  tort  in  this  volume. 

Building  33.,  the  headquarters  of  tho  Servo- 
mechanisms  laboratory,  provides  a  complete  machine 
shop  for  handling  work  beyond  the  capacity  of  the 
shop  In  the  Barta  Building.  Building  33  also 
maintains  a  procurement  department  which  is  capable 
of  providing  additional  machine  work  Including  small 
production  quantities  through  contracts  with  job 
shops  throughout  the  Boston  area.  \ 

The  Drafting  Room,  156,  in  the  Barta  Building 
provides  facilities  for  twelve  draftsmen  and  a 
supervisor.  The  Drafting  Pile  and  Print  Room,  160, 
includes  an  0  -slid  Streamliner  which  will  make  the 
latest  types  of  reproductions  includlag  photographs 
and  chart  film,  and  an  automatic  electrlo  ditto 
machine  with  a  capacity  of  1,000  sheets  per  hour. 

The  drafting,  print,  and  ditto  facilities  of  Building 
32  are  also  available  to  Project  Whirlwind.  Rooms 
141  and  143  provide  photographic  facilities.  The 
photographic  equipment  is  listed  at  the  end  of  the 
text.  The  stack  and  instrument  supplies  are  kept  In 
Rooms  153  and  151. 
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The  Whirlwind  I  computer  will  "be  located  on 
the  second  floor  with  the  input  and  output  equip¬ 
ment  in  Room#  261  and  263.  The  remainder  of  the 
computer  will  occupy  a  single  room  with  an  area  of 
1,600  Bquare  feet  consisting  of  the  present  rooroe, 

267 t  269,  265,  and  the  rooms  adjacent  to  265  on  the 
second  floor. 

Room  217  contains  a  email  library  of  reports, 
texts,  and  reference  hooks  useful  in  the  work  of 
the  project. 

10.32  Electronic  Engineering  Facilities 

Room  138  is  an  electronic  technicians  laboratory. 
The  eight  technicians  who  occupy  this  room  are 
engaged  in  building  experimental  equipment  for  the 
engineers,  special  test  equipment  designed  by  this 
projeot,  ana  prototype  construction  for  the 
Whirlwind  I  system.  All  benches  are  wired  for  110 
volt  A.C.,  6.3  volt  A.G.,  and  9  D.C.  voltages. 

The  Booms  1X4  through  136  are  used  by  the 
electronic  engineers  on  the  projeot  for  their  office 
space  and  laboratory  work.  Two  engineers  ©re  assigned 
to  each  pair  of  rooms,  the  room  nearer  the  outside 
wall  being  used  for  office  space  and  the  room  nearer 
the  corridor  being  used  for  laboratory  area.  For 
example,  two  engineers  occupy  the  pair  of  Rooms  134 
and  136.  Room  136  is  used  as  an  office  while  134 
contains  the  benches  and  experimental  work  being  per¬ 
formed  by  these  engineers.  Photographs  of  the 
laboratory  work  carried  on  in  these  rooms  will  be 
found  at  the  and  of  thir,  volume. 
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10.33  Storage  Ttibo  Development  Faollitie® 

The  storcge  tube  development  facilities  are 
contained  in  Booms  222  and  224.  The  atorage  tube 
laboratory,  Boom  222,  Includes  boncheo  for  the  five 
technicians  and  work  apace  for  the  seven  engineers 
engaged  on  the  storage  tube  program.  This  laboratory 
includes  facilities  for  the  construction  of  special 
test  equipment  a®  well  as  storage  tube  element  a, 
equipment  for  the  preparation  of  dielectric  eurfaocs 
by  anodizing,  test  equipment  for  the  study  of 
secondary  emission  character! sties,  and  complete 
equipment  for  testing  experimental  and  final  storage 
tubes.  The  tube  construction  laboratory,  Boom  224, 
includes  two  complete  vacuum  systems,  a  45  kilowatt 
input  RF  bomber,  glass  blowing  benches,  a  spot  welder, 
and  a  small  stockroom.  There  is  also  a  glass  lathe  in 
the  storage  tube  laboratory.  The  laboratory  la 
equipped  not  only  for  tho  construction  of  experimental 
tuboo  but  also  for  the  quantity  of  storage  tubes  needed 
for  Whirlwind  I.  Photographa  of  these  facilities 
are  given  at  the  end  of  this  volume. 


10.4  Photographa 

Photograph  No. 

Title 

1 

IB- 301 

Bart  a  Building 

2 

13-294 

D.C.  Rectifier  System 

3 

FB-29Q 

Lecture  Boom 

4 

FB-285 

Maohine  Shop  in  Room  113 

5 

FB-CDO 

Building  32 

6 

FB-299 

Building  32  Machine  Shop 

? 

13-389 

Drafting  Room 
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Photograph.  Ho. 
EB->288 
FB~286 
IB-287 
IB-274 

IB-278 

IB-275 

ra-asi 

IB— 284 

IB-283 

IB-276 

IB-282 

EB-377 

IB-280 

IB-379 


Title 

Blueprint  Hoorn 

Stock  Boom 

Instrument  Room 

Electronic  Technicians 
Laboratory 

Test  Equipment  Development 
Engineering  Laboratory,. 

Room  126 

Video  Amplifier  Design 

Engineering  Laboratory, 

Room  136 

Pulse  Transformer  Development 
Engineering  Laboratory, 

Room  122 

Hesiator  Check  Engineering 
Laboratory,  Room  122 

Vacuum  Tube  Teats 

Engineering  Laboratory, 

Room  126 

Blackout  Effect  Investigations 
Engineering  Laboratory, 

Room  136 

Hip-flop  Circuit  Development 
Engineering  Laboratory, 

Room  130 

A  C  Coupled  Hip-flop  Develop¬ 
ment*  Engineering  Laboratory, 
Room  130 

System  Testing,  Engineering 
Laboratory,  Room  120 

Crystal  Matrix  Switch  Testing 
Engineering  Laboratory, 

Room  118 
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Hisss. 

Title 

3 3 

13-298 

Storage  Tube  Laboratory 

33 

Pi-113 

Ancllslng  Apparatus 

34 

13*397 

Secondary  Emission  Testing 

35 

P3-197 

Glass  Bloving  Bench 

and.  RJ  Bomber 

26 

P3-393 

Vacuum  Systems 

37 

P3-194 

Glass  Lathe 

38 

13-296 

Storage  Tube  Test 

Photo  Hoo  FB301 
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Title  Machine  Shop  in  Room  113 
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the  shop  aro  a  punch  press,  a  brake,  a  bandsaw,  a  jigsaw 
sanding  machine,  and  a  tool  grinder. 
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Title  Blueprint  Room 
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Counter  used  as  frequency  divider  for  synchronizing  the  TS-239/0P  oscillo¬ 
scope  at  the  right.  On  the  shelf  to  the  rear  is  a  different  type  of 
frequency  divider.  A  Restorer-pulse  Distributor  is  being  developed  here0 


Title  Video  Amplifier  Design 
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variable  frequency  clock-pulse  generator*  Hie  nine  standard 

D*  C*  voltages  in  the  building  are  wired  to  this  bench*  The 
power  supplies  on  the  top  shelf  are  used  for  special  purposes 
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Puerto  No*  FBE77 

Title  A.C,  Coupled  Flip-flop  Derelopment 
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still  D.  C.  coupled  but  here  work  is  pr ogres e- 
on  the  design  of  an  A.  C,  ooupled  flip-flop. 
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Photo  So*  FB11Z 

Title  Anodizing  Apparatus 
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purpose*  Anodising  i*  need  to  produ 
dielectric  surfaces  for  storage  tube 


Photo  Sc*  PB297 
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the  center  of  this  photograph. 


Titlo  Glass  Blessing  Bench  and  RF  Bomber 
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10.5  Staff  Llat 


Joy  W.  Forrester 

B.S.  In  E.E. 

5  H,  In  B.S. 

Hebraaka 

M.I.T. 

1939 

1944 

Samel  B.  Abbott 

B.S.  In  B.S. 

Worcester  Poly. 

1939 

Blchord  L.  Beat 

B.2.E. 

Cornell  Unlv. 

1943 

Edwin  Z.  Blumenthal 

B.S.  In  B.S. 

Tuft*  College 

194? 

William  C0  Bohn 

S.B.  Phyaloe 

.Harvard 

1926 

Hugh  B.  Boyd 

M.A.  Education 

Vi  syne  Unlv, 

1940 

David  B.  Brown 

S.M.  In  E.S. 

M.I.T. 

1947 

Charles  H.R.  Campling 

B.S. 

Queen®  *  Unlv. 

1944 

David  Jo  Crawford 

S.M.  la  E.Z. 

M.I.T. 

194? 

Michael  Danlloff 

M.  S. 

Harvard 

1931 

Hormal  L.  Daggett 

S.B.  In  B.E. 

M.I.T. 

1947 

Stephen.  H.  Dodd,  Jr. 

S.M.  In  EoE. 

M.I.T. 

1943 

Carleton  0.  Eaton 

B.S.  in  E.B. 

M.I .T. 

1943 

John  0.  Ely 

Texan  Tech  and  M.I 

»T. 

Robert  R.  Byerett 

S.M.  in  B.S. 

M.I.T. 

1943 

Harrie  Fahnestock 

A.M. 

Harvard 

1930 

Alfred  M.  Falcione 

B.S.  In  B.E. 

Tuft a  College 

1935 

Mark  Blomenhoft 

B.S.  In  E. B. 

Unlv.  of  Penn. 

1943 

Margaret  I  Florenoourt 

A.B.  Physic b 

Radcliffe  College 

1946 

Philip  Franklin 

PhD. 

Princeton  Unlv. 

1921 

George  G.  Hoborg 

B.  B.S. 

Vlllonova  College 

1945 

Arthur  Bo  Horton,  Jr. 

S.B.  in  B.E. 

M.  I .  T. 

1946 

Harry  Kenoslan 

S.B.  In  B.E. 

M.I.T. 

1947 
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Willi  an  K.  Iiintill 
Robert  L.  Massard 
joeeph  H,  McCusker 
Howell  B.  Morley 
William  J .  Molan,  Jr. 
John  A.  O’Brien 
John  J.  O’Brien 
John  C.  Proctor 
Edward  S.  Proh&eka 
Edgar  Belch 

Edwin  S.  Bloh 
Chester  A.  Rowland, 
Eugene  A.  Sard 
Richard  Shaw,  Jr. 
Joel  M.  Simmons,  Jr< 
Goorge  C.  Sumner 

Francis  35*  Swain 
Norman  B*  Taylor 


v«* 


Chauncey  w,  "aw, 

C.  Robert  Wieeer 
Fatriok  Tout  a 


S.B.  in  B.B. 

M.  1 .  T « 

1945 

B  S.  in  B.B. 

Univ.  of  Chicago 

1946 

B-,S.  in  S.B. 

Northeastern  Univ.  1947 

B.B.  3. 

R.P.I. 

1940 

B.S. 

UniT.  of  Maine 

1943 

A.B. 

Boston  College 

1945 

B.S. 

m.i.t. 

1938 

A.B.  In  H.E® 

H.I.T. 

1935 

B.B.E.  in  B.B. 

Poly.  Inat.  of 
Brooklyn 

1947 

B.S.  in  B.B. 

Univ.  of  Maine 

1940 

r.  B.S.  In  B.S. 

Iowa  State 

1945 

S.B.  in  B.B* 

M.I.T. 

1944 

M.S. 

M.I  .To 

1934 

B.S. 

Texas  Teoh. 

1947 

B.S.  in  B.B. 

Texas  Agrie.  and 

Meoh.  1942 

M.S„  in  B.B. 

Univ.  of  Colorado  1933 

B.S. 

Bates  College 

MoI.T. 

1937 

1939 

A. B. 

B. B. 

John  Hopkins 
John  Hopkins 

TJniv.  1938 
Univ.  1934 

<*  B.S. 

Calif.  Inst. 
Tech. 

of 

1936 

M.S. 

M.I.T. 

1940 

S  It, 


UniT.  of  Chicago  1929 


arm 
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10,6  Machine  Toole  and  Equipment 
Machine  Tool  a 

1  -  South  Bend  Lathe  with  13 rt  awing  and  5J 
hod  and  accessories 

1  -  South  Bend  Laths  with  10“  awing  and  4" 
had  and  acoeesoriea 

1  -  Whitnsy-Jonoen  Bunch  Broca  (hole  punches 
1/3  to  3-1/3  Inches,  square  punches  1  to 
2  inches) 

1  -  Bridgeport  Vortical  Milling  Machine 
Model  4679 

1  ~  Burke  Milling  Mrohino  Model  126 A 
1  -  Craftsmen  Drill  Prees  (l/2  inch  max.) 

3  -  Delta  Drill  Freeses  (l/2  Inch  max.) 

1  -  Delta  Drill  Prees  (1  inch  max.) 

1  -  Peek,  Stow  and  Wilcox  Shear  (18  gauge  stock, 
62"  had) 

1  -  Chicago  Steel  Beading  Brake  (48“  hod  with 
11  adjustable  fingers) 

1  -  Delta  Milwaukee  Band  Saw  (46°  tilting  table 
with  IS”  bod) 

1  -  Walker  Turner  Sanding  Machine  (48rt  sanding 
belt  and  IQ1'  sanding  wheel) 

1  -  United  States  Electrical  Tool  Grinder  (drill 
sharpening  attachment) 

1  -  Delta  Milwaukee  Jig  Saw,  Typo  SOS 
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Section  10.6 

OBQl.llotoopOB  and,  Synchro  scopes* 

3  -  Browning  P4E  Synchroscopes 
8  -  Dumont  Model  208  Oaolllo  scope  a 

1  -  Dumont  K  224A  tt 

1  -  Dumont  "  211  « 

3  -  Dumont  "  256A/R  Range scopes 

3  -  ROA  «  160B  Oaoilloscopoe 

5  -  Wo  stern  Electric  TS-239/UP  Oscilloscopes 

6  -  Signal  Corpo  TS-34  Oscilloscopes 
13  -  Sy Ivan la  Model  6  Synchroscopes 

3  -  Syl vanla  P-4  Synchro  ocopoe 


Iflpjmm-Tahe  Voltmatars  and  Multltestara 
9  -  Ballantine  Voltmeters  (Model  <500- A) 

1  -  Ballantine  Voltmeter  (Model  304) 

3  -  Ballantine  Decade  Amplifier*}  (Model  220) 

4  -  Ballantine  Decade  Multipliers  (Models  403A 

and  40aB) 

4  -  Boonton  High  ffrequanoy  Voltmeters  (No.  62) 

4  -  Hlokok  Multitesters  (Model  202NX) 

3  -  Radio  City  Multimeters  (Model  662) 

5  -  HGa  Voltohmysta  (Model  164) 

13  ~  RCA  Voltohjqyato  (Model  196) 

4  -  Syl  vanla  Polymeters  (No.  134) 


Section  10.6 


Signal  Generators  and  Counter* 

2  -  Dane  Pulse  Generator  a 

1  -  Hewlett  Packard  Audio  Oscillator  (Ho,  200CR) 

1  -  Hewlett  Packard  Oscillator  (No.  205AG) 

1  -  Hewlett  Packard  Oaolllator  (No.  3001) 

1  -  Hickok  Signal  Generator  (Model  188X) 

1  -  Mlllen  Signal  Generator  (No.  9050) 

4  -  USN  Model  IP-6  Signal  Generators 

6  -  GE  Decade  Counters  (Type  YYZ-l) 

Noo^fflLeleotronlc  Voltmeters  and  Multitesters 

49  -  Simpson  Multimeters  (No.  360) 

2  ~  Weston  Multimeters  (No.  772) 

goal .  mL  .Sflntf  ffiglnOzJ .**  ». IsUfigi 

12  -  Variable  Frequency  Clock  Pulse  Generators 
Pulse  width  -  .OOjia;  PRF  0.88  to  6.2  MC 

1  -  Variable  Frequency  Clock  Pulse  Generator 
Pulse  width  -  variable  from  0.2  to  0.3  ns; 

PRF  0.85  to  1.5  MO 

1  -  Cryatal-controllod  Clock  Pu3.ee  Generator 
Pulse  width  variable  from  0  2  to  0.3.nc» 

PRF  1  MC 

12  »  Restorer  Pulse  Generator e 

Paired  pulses  are  0.1  ns  wide,  lpa  apart  at 
a  PRF  of  100  ko;  1  ns  synchronizing  pulse  at 
100  kc;  single  push-button  controlled  pules 
0.1  ps  vide,  synchronized  with  100  kc  output 
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Section  10 „ 6 

5  -  Binary  Frequency  Dividers 

Frequency  Division  of  2s 1,  4s  1; 

Output  pulse  0.1  p.8  wide 

10  -  Gate  and  Delayed  Trigger  Generator  a 
Provide  either  a  gate  whose  width  is 
continuously  variable  from  3  to  2500  pa, 
or  a  trigger  whose  delay  lo  continuously 
variable  from  an  Input  trigger  by  the  anme 
amount. 

7  -  Gas  Tubs  Pulse  Generators 

Provide  a  rectangular  pulse  vhoee  width 
is  continuously  variable  from  0.05  to  1  ps 
at  repetition  frequencies  up  to  4  ka 

1  »  Clook- restorer  Pulse  Distributor 

Takes  IMG  pul so,  gates  two  successive  pulses 
through  one  channel,  and  gates  the  remaining 
eight  pulses  through  another  channel. 

General  Teat  Equipment 

1  -  Boonton  "Q,”  Meter 

2  -  Elgin  Stop  Watches 

1  -  OB  Galvanometer 

l  ~  General  Radio  Wave  Analyzer 

1  -  General  Radio  Capacitance  Bridge  (No.  74QBG) 

1  -  General  Radio  Strobotac 

1  -  Hlokok  Tube  Tester  (No.  632) 

1  -  Leeds  and  Northrop  Resistance  Box  (Type  4750) 

1  **  Navy  TS-102A  Calibrator 
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Section  30,6 

8  -  Raweon  Precision  Thermal  Meters 
(Models  601,  511,  and  522) 

(1/4  -  1/2$) 

*  -  Shalloross  Percent  Limit  Bridge  (No.  617N) 

11  -  Simpson  Multlrango  Teeters  (Noe.  280-3-6-7) 

3  -  Triplett  Multirange  Teetere  (No.  670) 

4  -  Weston  A.C.  Meters  (No.  433) 

6  -  Weston  D.C.  Meters  (No.  425-30) 

1  -  Weston  Precision  Voltmeter  (Model  341) 

Miscellaneous  Equipment 

1  -  Brown  Electronic  Potentiometer 

2  -  Oyolotron  Impulse  Registers 

20  -  C-D  Decade  Capacitors  (Model  CD) 

1  -  OR  Decade  Capacitor  (No.  219) 

6  -  OR  Decade  Resistors  (No.  602) 

1  -  Mlco  Engraver  (No.  251) 

2  -  Shallcross  Dooade  Potentiometers 

Power  Supplies 

1  -  AAC  High  Voltage  Power  Supply  (Type  RA-S8H) 

60  -  Radiation  Laboratory  Power  Supplies  (P-1) 

20  -  Radiation  Laboratory  Power  Supplies  (P-3) 

18  -  Raytheon  Power  Supplies  (No.  WX-5013H) 

5  -  Raytheon  Rectiohargers  (No.  W-5752) 

33  -  USN  Power  Supplies  (Model  CW  30AAS) 
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Section  10.6 

Photop.rroby  and  Projection 

1  -  Argue  Modal  C-3  Camera  with  hood  end 

lucito  scale  for  general  oacillo scope  work 

1  -  Special  oscilloscope  camera  using  Zeles 

El. 4  lens  for  oscilloscope  single  trace  work 

3  -  Eastman  36-mra  Kodasllde  Projectors 

1  -  Eastman  Recordak  Projector 

1  -  Brassier  -  3“  x  411  Slide  Projector 

1  -  Graflex  4U  x  511  Camera  with  commercial  Ektar 
and  wide-angle  lenses 

1  -  Simmons  4”  x  6”  Omega  Enlarger  with  3"  and  6" 
lens 

1  T  Pako  Print  Dryer 
1  -  Print  Washer 

Lights,  tripods,  timers  and  similar  required 
equipment 

Vaomim  System  Equipment 

3  -  Special  design  vacuum  systems  having  the 
following  features* 

a.  Welch  (1405H)  Fore  Pumps 
b„  DPI  3-stage  Diffusion  Puups 

c.  10K.W,  Winch-operated  Ovens  (controlled 

to  any  temperature  up  to  600°C  by 
Cqpiotrol  controllers) 

d.  McLeod  Calibration  Gauges 
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1  -  National  Research  Ionization  Gauge 
(No.  706) 

1  -  National  Research  Alphatron  Vacuum 
Gauge  (No*  610) 

1  ~  DPI  Vacuum  Gauge  (Ho.  HG-200) 

1  «  GE  45  K,  W.  Induction  Heater 
1  -  Litton  Glaea  Lathe  (Model  K) 

1  -  5  K.W.  Spot  Welder 
1  -  Glass-working  Bench  and  Accessories 

1  -  Anodizing  Bench  with  Hequlrod  Control 
and  Teat  Equipment 

1  -  Bauech  and  Lonib  Shop  Microscope  (x  100) 


